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Open access undThe high incidence of subdural hematoma (SDH) from birthing was ﬁrst identiﬁed with MRI by Looney in
2007 and was then more accurately determined by Rooks in 2008. Rooks screened 101 ‘‘normal’’ deliv-
eries and demonstrated that 46% of the babies in her series and by inference, approximately 46% of
the 4 million born normally in the US have SDH that formed in the perinatal (birthing) period during
labor. Both metabolic strain and physical forces exerted on the head damage the capillaries within the
dura (the intradural capillary bed), which is the source of the blood in the SDH that results from labor
and delivery or at times from labor alone. While child abuse pediatricians relying on Rooks, maintain that
no permanent complications result, her study was limited to 101 subjects and the sole criteria for reso-
lution was the resolution of the SDH as seen on follow-up MRI. In fact, Rooks did have one patient (1%)
who had complications that lead to symptoms and ﬁndings often associated with abuse. The purpose of
this article is to explore if there is a complication rate for perinatal (PSDH) that supports that 1% of com-
plications that are deﬁnable by different criteria. Next, if there are complications, how many of the
roughly 2,000,000 cases of perinatal acute subdural hematoma every year in the United States will suffer
them? Then, what are the clinical manifestations of the complications if they occur? Lastly, do the com-
plications cause or mimic some or all of the ﬁndings that are offered by board certiﬁed child abuse pedi-
atricians as evidence of child abuse? The article argues that a small percentage, but signiﬁcant number of
neonates, suffer birth related complications and ﬁndings secondary to the development of chronic sub-
dural hematoma CSDH) that are often misdiagnosed as abusive head trauma.
 2013 Elsevier Ireland Ltd. Open access under CC BY-NC-ND license.1. Introduction
The high incidence of subdural hematoma (SDH) from birthing
was ﬁrst identiﬁed by MR by Looney in 2007 [1] and then more
accurately determined by Rooks in 2008 [2] when she screened
101 ‘‘normal’’ deliveries. Dr. Rooks’ data suggests therefore that
46% of the 4 million neonates born ‘‘normally’’ in the US were, in
fact, not normal. Instead they had SDH that formed in the perinatal
(birthing) period from both metabolic strain and physical forces
exerted on the head, speciﬁcally the dura; the most external of
the 3 layers of the meninges. The dense capillary bed within the
dura (the intradural capillary bed), is the source of the blood in
the SDH, results from labor and delivery or at times from labor
alone. While Rooks wrote that no permanent complications re-
sulted, her study was limited to 101 subjects and the sole criterion
for resolution was the resolution of the SDH as seen on follow-up
MRI done on only 18 of the 46 positive MRI’s done at birth. In fact,
Rooks did have one patient (1%) who had complications that leader CC BY-NC-ND license.to ﬁndings often associated with abuse. The purpose of this article
is to explore if there is a complication rate for perinatal subdural
hematoma (PSDH) that supports that 1% or complications that
are deﬁnable by different criteria. Next, if there are complications,
approximately how many of the roughly 2,000,000 cases of perina-
tal acute subdural hematoma every year in the United States will
suffer them? Then, what are the clinical manifestations of the com-
plications if they occur? Lastly, do the complications cause or mi-
mic some or all of the ﬁndings that are offered by board certiﬁed
child abuse pediatricians as evidence of child abuse?
2. The pathophysiology of perinatal subdural hematoma
PSDH starts with intradural capillary damage during labor. It
may occur during contractions from direct external pressure on
the dura, hypoxic (low oxygen) metabolic stress throughout the
cranium [3], transient venous channel occlusion in the cranial vault
due to compressive forces deforming the skull, and/or activation of
complex neurologically mediated vasomotor control systems trig-
gered by intracranial pressure changes [4].
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or vacuum extraction), or forceful pushing combined with any
bony dystocia (too small a pelvis) or malpositioning of the fetus,
increases the forces on the head during contractions. Each of these
factors may increase the probability of PSDH and the amount of
bleeding that occurs. In fact, Rooks found that 84% of neonates with
cephalohematoma (molding of the head due to bleeding beneath
the scalp) had SDH. She also found 18% of all c-sections had PSDH
and 75% of those had been in labor and had pitocin drips before c-
section. The newly identiﬁed epidemic of vitamin D deﬁciency [5]
and calcium deﬁciency [6], in some studies affecting more than
85% and 43% of mothers at birth respectively, and passed on to
their neonates in roughly equal measure, weakens the structural
integrity of the skull [7] in utero, causing increased deformation
of the skull of fetuses during labor, and likely contributes to intra-
cranial damage and PSDH as well.
When the capillaries fail, blood ﬁrst ﬁlls the intradural space
with blood forming an intradural hematoma (IDH). The falx, divid-
ing the halves of the brain and partially protected from trauma by
its location, shown below in these example cases, seems to be par-
ticularly vulnerable to metabolic strain and often bleeds ﬁrst, pri-
marily due to hypoxic stress [8] (see Fig. 1A–C). The dura around
the brain is subject to the wider spectrum of insults, as mentioned
above, but SDH is the primary detectable ﬁnding as shown in
Rooks.
The leaking blood from the dural capillary plexus, studied by
Squier et al., [4 or 19] when sufﬁciently copious, overﬂows the
intradural space into the subdural space easily dissecting off the
arachnoid layer of the meninges from the dura. The arachnoid is
loosely adherent to the dura’s inside surface, the dural border cell
layer (DBCL), and when dissected off by leaking blood, an anatom-
ical disruption occurs. The DBCL is made up of loosely adherent
cells, capillaries, no extracellular collagen, and enlarged extracellu-
lar spaces. The blood that collects between the dura and the arach-Fig. 1. (A and B) Widespread interhemispheric intradural hemorrhage (IDH) in a neon
intradural space in both specimens of falx (single arrows pointing to larger collections,
superior sagittal sinus (double arrows) where the capillary bed is most dense (see also Fig
neonate. Intra-falcine hemorrhage (arrow and throughout) in situ at autopsy in an 11-day
of abuse (Images from author’s ﬁles).noid forms the conventional SDH, which is contiguous with the
DBCL. In some cases of minimal intradural bleeding, IDH can be
seen without SDH as shown in the Fig. 2A.
One of the ﬁrst manifestations of this PSDH is an immediate dis-
ruption of the cerebrospinal ﬂuid (CSF) absorption function of the
dural capillary plexus. This occurs when the intradural space is
ﬂooded and enveloped in blood (see Fig. 5). There appears to be
an obstructive component to this intradural hemorrhage (IDH)
and a resultant increase in intracranial pressure occurs. This in-
creased pressure immediately forces the skull bones to push out-
ward. Due to the fact that the brain is relatively incompressible
and the skull bones relatively mobile due to growth areas between
bones that are cartilage (called sutures) over time (hours to weeks)
the intracranial (IC) pressure moves the bones out and a space be-
tween the brain and the skull forms. The space that forms is abnor-
mal, enlarged, ﬂuid ﬁlled and is called a hygroma. Hygroma is a
generic term for any abnormal ﬂuid ﬁlled space. In the cranium
it is also commonly referred to as extra-axial space (space outside
the brain tissue) among many other terms listed in Table 1 below.
The space that forms around the brain and the ﬂuid within the
hygroma space is distinct from the subdural ﬂuid. The presence
of some degree of extra space is a quite common incidental ﬁnding
in the post natal period and its possible relationship to PSDH is dis-
cussed below. In a study of neonatal intensive care unit (NICU)
graduates, a group vulnerable to PSDH, 44% left the NICU with
moderate to extreme enlargement of the subarachnoid (SA) space
[9]. Maximum growth of the space in these babies was noted be-
tween 3 and 12 months, a period in which abuse is most com-
monly diagnosed [9]. The overall prevalence of smaller degrees of
post PSDH hygroma has not been studied or quantiﬁed as of yet but
may be common in absolute numbers as Rooks demonstrated in
her study where 1% of the patients had increased subarachnoid
space at 5 months (the ‘‘example neonate’’). While the number
may be smaller, that 1% would project to 40,000 babies per yearate. IDH in the falx and tentorium from two neonates. Note the blood ﬁlling the
but blood is widely distributed). Note the blood in the upper falx in A near to the
. 3). (Images from author’s ﬁles). (C) Intra-falcine hemorrhage in situ in a nonabused
-old neonate found dead in bed; no anatomic cause of death evident. No allegations
Fig. 2. Perinatal subdural hematoma (PSDH) and a rebleed on MR in a neonate at 7 and 27 days. The ‘‘example neonate’’ from Rooks 2008. (A) is an MRI at 7 days. (B) (Lower
series and R on bottom) is the same patient at 26 days. See text for more detailed discussion. Republished with permission of Am J Neuroradiol from ‘‘Prevalence and
evolution of intracranial hemorrhage in asymptomatic term infants’’, Rooks, volume 29, number 6, 2008, permission conveyed through Copyright Clearance Center, Inc.
Fig. 3. Resin cast from 36 week fetus showing the venous system within the dura:
intradural channels communicate with capillaries in the dural capillary plexus
which absorbs CSF into the blood and onto the sagittal sinus (single arrow). This
occurs independent of bridging veins which deliver CSF from the brain directly to
the large dural sinuses. Note the density of the capillary plexus (double arrows)
adjacent to the main drainage channel of the brain, the superior sagittal sinus (at
single arrow). Reprinted with kind permission from Springer Science and Business
Media from Han H, Tao W, Zhang M. The dural entrance of cerebral bridging veins
into the superior sagittal sinus: an anatomical comparison between cadavers and
digital subtraction angiography. Neuroradiology. 2007 Feb;49(2):169–75. Fig. 2a.
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ulation with this extra space is vulnerable to complications associ-
ated with the conversion of acute SDH to chronic SDH.
The increase in head size, measured as increasing head circum-
ference, can be quite small initially, but can enlarge with persistent
increased intracranial pressure (ICP) and is always proportionate to
the size of the newly formed hygroma created in the wake of the
head enlargement. Head enlargement and hygroma are linked,
with each being a measure of the other. Different degrees of bleed-
ing, obstruction, head enlargement, and hygroma formation can be
seen across a spectrum from none to substantial.
The pathophysiology of hygroma and its possible relationship to
obstruction of CSF reabsorption after hemorrhage at birth, along
with pathologic correlation, is discussed below in detail.
Rooks, in her study, published 2 MRI studies from the same
‘‘example neonate’’ at 7 and 26 days of age. The patient had a vari-
ety of complications from birth as illustrated below (see Fig. 2). The
example neonate was then documented to go on to have head
enlargement and hygroma at 5 months with a follow-up MRI.The head enlargement at 5 months, while substantial, did not qual-
ify as macrocephaly (pathologic enlargement of the head deter-
mined by head circumference normals for age). Hydrocephalus
(‘water on the brain’) is any abnormal ﬂuid around the brain. With
hydrocephalus the head will increase in size and if it increases by
more than 2 standard deviations from normal, then macrocephaly
can be diagnosed. Rooks’ case demonstrated hydrocephalus but not
macrocephaly. Both states are common in suspected abuse cases.
However Rooks’ example case did demonstrate the full spectrum
of ﬁndings and complications that can occur in PSDH. It also
showed that formal macrocephaly is not required to deﬁne a com-
plication of birth trauma that causes hydrocephalus with hygroma
formation. Macrocephaly as a marker of extreme head enlarge-
ment may have value in deﬁning an extreme version of a phenom-
enon from which more expanded inferences can be drawn in
children with lesser degrees of head enlargement (i.e. various
forms of hydrocephalus). The example neonate is shown in Fig. 2.
In Fig. 2A, note the widespread acute hemorrhage at 7 days. In
that series, intradural blood (single arrow) is seen as the thin line
approximating the thickness of the dura. In addition to SDH (dou-
ble arrows and throughout the dura and subdural space), some de-
gree of hygroma (extra space around the brain) is already present
at 7 days (triple arrows and all around the brain).
In Fig. 2B, at 27 days, the baby has had a spontaneous rebleed of
the birth related SDH (perinatal SDH or PSDH). The rebleed formed
a large left frontal SDH (single arrow) that displaced a volume of
the hygroma and some displacement of the left frontal lobe is
noted. The hygroma on the right is now marginally enlarged from
the 7 days images over the right parietal area in Fig. 2B, an area not
directly impacted by the rebleed. Additional bleeding can reason-
ably be expected to exacerbate any underlying dural pathology
and increase CSF reabsorption problems related to the ﬁrst bleed.
Note how the new clot in Fig. 2B is adhered to the subdural side
of the hygroma space where the dura is both the source of the
bleeding and the blood supply to the clotted hematoma as well.
Whether such an acute clot is reabsorbed sufﬁciently to make it
undetectable by MRI or it evolves into a visible retracted clot as
part of chronic subdural, it is the dural capillaries that supply it
with the blood to attempt to effectuate resolution.
In an important follow-up MRI done at 5 months in the same
patient, Rooks found persistent hygroma. Her ﬁnal comment about
this case was that at ‘‘follow-up MR imaging, the left frontal SDH
resolved; however, space remained prominent in this patient. This
ﬁnding suggests that though not typical in a neonate, prominent
Fig. 4. Section of the dura in various stages of maturation in infants showing intradural channels bringing CSF from the dural border cell layer into the capillary bed. In ‘‘a’’,
the relationship of the CSF channels (arrow) to the capillaries, which are stained brown and to the sagittal sinus (‘‘s’’), is noted. The channels are unlined and do not stain and
the capillaries and vessels have epithelial cells that can pick up the brown stain. In ‘‘b’’ the channels are dense near the sagittal sinus (‘‘s’’) and also adjacent to capillaries (the
capillary lining is stained darker pink on ‘‘b’’) at arrows. In ‘‘c’’ and ‘‘d’’ the channels’ relationship to brown stained capillaries is clear [4]. Used with permission by Elsevier
under license 3055561168939 from Squier W, Lindberg E, Mack J, Darby S. Demonstration of ﬂuid channels in human dura and their relationship to age and intradural
bleeding. Childs Nerv Syst. 2009 Aug;25(8):925–31. Fig. 1c.
Fig. 5. Dural channels (arrows) and intradural bleeding (dense redness) in an infant
17 weeks of age. There is patchy intradural bleeding as well throughout. The
compressed structure of the intradural compartment at the dural border cell layer
are separated by ﬂuid ﬁlled clefts (at⁄). The sagittal sinus is seen (S). This represents
a typical picture of intradural bleeding. Capillaries are no longer clearly visible and
the vast majority of the dural channels conspicuously absent. From Squier and
Mack’s 2009 study of dural channels [19]. Used with permission by Elsevier under
license 3055561168939) from Squier W, Lindberg E, Mack J, Darby S. Demonstra-
tion of ﬂuid channels in human dura and their relationship to age and intradural
bleeding. Childs Nerv Syst. 2009 Aug;25(8):925–31. Fig. 3.
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ported by other authors.’’ She then cites 3 studies to support that
statement [10–12]. The ‘‘prominent extraaxial space’’ is the hygro-
ma by another name. If other babies with PSDH end up with a sim-
ilar hygroma space, that hygroma can be seen as an incidental
ﬁnding on a CT done during a work up for any neurologic presen-
tation. Without visible evidence of acute blood or a retracted clot,
it is often characterized in advanced imaging as ‘‘benign’’ using a
remarkably wide variety of names (see Table 1). However, several
other studies [13–15], in addition to Rooks’ citations and other
pathologic analysis discussed herein, have shown that these sup-
posedly ‘‘benign’’ hygromas are, at times, associated with reblee-
ding and may in fact not be ‘‘benign.’’ More accurately they may
be an asymptomatic complication of PSDH that is fragile and prone
to rebleeding. It may be characterized as ‘‘benign’’ when in fact, it
is most likely a clinically asymptomatic version of chronic subdural
hematoma (CSDH). This conﬁguration may remain ‘‘benign’’ but
when a rebleed or an overlaid medical event occurs, at that point
the benign hygroma in most imaging reports is recharacterized
as a CSDH with hygroma, with hygroma now the key ﬁnding to
diagnose CSDH.
The rebleeding, which can occur spontaneously into this space
from CSDH [10–15], originates from the dura at the site where
PSDH has disrupted the normal anatomical relationship of the DBCL
and the arachnoid.When rebleeding occurs, additional free blood in
variable amounts is deposited in and adjacent to the original bleed-
ing site or can spread out in the intradural and subdural space or
can leak into the SA space. Bleeding can occurwithminor force, nor-
mal handling or spontaneously. Rebleeds often increase the size of
the previously disrupted area. When this occurs the combination of
hygroma and new blood are then present. Radiographically the two
ﬁndings are generally referred to as ‘‘acute on chronic SDH’’. The
Fig. 6. MR image and graphic representation of subdural hematoma. (Panel A) T1-
W coronal MRI image shows left subdural compartment hemorrhage (single where
is arrows). IDH is seen at double white arrows. (Panel B) Graphic representation of
the MRI image showing hemorrhage originating from the intradural plexus (DP).
Blood within the plexus parasagitally (double arrows) overﬂows the intradural
space at a damaged area (longer black arrow on B). The overﬂowing blood cleaves
the dural border cell layer from the arachnoid (between the single white arrows;
dural border cells on top and arachnoid on bottom), ﬁlling the space with blood
forming the conventional subdural hematoma. Intact bridging vein at BV connect-
ing the brain to the sagittal sinus. Reprinted with kind permission from Springer
Science and Business Media from Mack J, Squier W, Eastman JT. Anatomy and
development of the meninges: implications for subdural collections and CSF
circulation. Pediatr Radiol. 2009 Mar;39(3):200–10. Fig. 4.
Table 1
Common names applied to various hygromas around the brain.
Terms used for hygroma
Benign external hydrocephalus (BEH)
Benign essential hygroma
Extra axial ﬂuid
Benign subdural collections
Subdural hygroma
Subarachnoid hygroma
Benign extraxial subdural spaces (BESS)
Extracerebral ﬂuid collections
Chronic subdural ﬂuid collections
Subarachnoid ﬂuid collections
Enlarged subarachnoid spaces
Subarachnoid cysts
Extra axial ﬂuid collections of infancy
Benign extraaxial collection (BEC)
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‘‘suspicions’’ aboutmultiple acts of abuse in themind of child abuse
pediatricians, radiologists and others, arising due to the presence of
hemorrhage in two stages of evolution. The possible role of PSDH
leading to hygroma, CSDH, and rebleeds, as clearly demonstrated
in Rooks’ patient, is currently not considered by virtually all child
abuse pediatricians as a possible etiology of the chronic component
of the imaging. In Rooks’ one example neonate, in a nonabuse
framework and a compacted time frame, the susceptibility of PSDH
to rebleed at or about 3 weeks, the time it takes for CSDH to form, is
demonstrated clearly. Furthermore, the persistence of the enlarged
SA space in the example patient at 5 months, links the SA enlarge-
ment to the NICU graduates, and the known propensity of hygroma
to rebleed in later time frames for a variety of reasons as docu-
mented in the 6 cited studies [10–15].In the United States (US) with approximately 4,000,000 births
per year, using Rooks 46% prevalence rate, roughly 2,000,000 ba-
bies are born each year with PSDH. Whether any of the 2,000,000
neonates with PSDH go on to have complications from PSDH re-
mains a contentious issue, with very signiﬁcant ramiﬁcations in
evaluating post natal abuse allegations during the ﬁrst year of life.
Board certiﬁed child abuse pediatricians (BCCAP) presume that all
these 2,000,000 babies get better without complications; some-
thing that seems counterintuitive and is not reﬂected in Rooks’
work, and was in actuality disproved by Rooks‘ own documenta-
tion of a rebleeding subdural in one of 18 cases. Awareness of
the development of CSDH after acute SDH (ASDH) in adults and
older children [16], suggests that a complication rate of PSDH to
CSDH is likely to exist, and if so, it might be calculable. If it is cal-
culable, it would become possible to estimate approximately how
many neonates suffer complications of PSDH, and the type, and
range of severity of the complications. A ﬁrst step in exploring
these issues is to understand the dural anatomy, the role of the
dural capillary bed in reabsorbing CSF and the consequences of
PSDH on the dura and its neonatal functions.3. The anatomic and pathophysiologic consequences of PSDH
3.1. Dural anatomy and CSF reabsorption
At autopsy in infants, when CSDH is diagnosed prior to death,
and no other brain pathology is evident, hygroma is present. Ex-
cept when obvious brain pathology is evident, hygroma is associ-
ated with normal size brains and enlarged craniums. This results
in measurable increases in head circumference. While pressure
on the brain itself can lead to neurologic consequences (minor
symptoms to apparent life threatening events), the density of brain
being roughly equivalent to water, precludes compression [17]. If
head size increases sufﬁciently (by crossing two growth curves or
2 standard deviations from baseline size), macrocephaly secondary
to extreme hydrocephalus, should be diagnosed and signiﬁcant
craniocerebral disproportion (CCD) results. As the head expands,
it is the space around the brain (primarily subarachnoid) that en-
larges from minimal to prominent, creating the ﬂuid ﬁlled hygro-
ma. It ﬁlls primarily with CSF and it is pressurized sufﬁciently to
drive head expansion or the hygroma would not form.
The CSF circulation originating in the choroid plexus of the ven-
tricles creates CSF at a steady rate of 15–30 cc/h [18]. To increase
pressure without cerebral edema, tumor or cyst formation,
obstruction to reabsorption of CSF (dysabsorption) must be a com-
ponent. Prior to the development of the arachnoid granulations
(AG) at 7–8 months of age, which are specialized structures to
move CSF from the subarachnoid (SA) space to the venous system
and the blood stream, evolution of this dysabsorption in the neo-
nate involves abnormalities in the dural capillary bed. In the neo-
nate this capillary bed appears to be a major component of a
complex CSF absorption system operating up to about a year of
age [4] when the AG take on a more prominent role.
3.2. The dural capillary bed as a primary CSF absorption site in
neonates
Grossly the dural plexus can be visualized with a casting of the
venous drainage system as seen in Fig. 3.
3.3. Dural microanatomy
The dense dural capillary plexus, most prominent parasagitally
(as shown in Fig. 3), receives CSF through the arachnoid membrane.
The ﬂuid then passes through the inner layer of the dura, the porous
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the 2009 neuropathologic study of the dura by Squier and Mack
[19] (see Fig. 4). They showed that CSF from the subarachnoid space
passes into the dura via unlined channels and that these channels
come in close contact with capillaries that can be seen on sections
of dura adjacent to the superior sagittal sinus (see Fig. 4). It is pre-
sumed in that adjacency, that the CSF is absorbed by the dural cap-
illaries. The capillaries are lined with endothelial cells (that can be
stained and identiﬁed) that effectuate the reabsorption of the CSF
into the blood stream. The intradural capillaries then carry the
CSF, now in the blood, to larger venous tributaries which form the
bulk of the vessels seen in Fig. 3, and then to the main dural drain-
age channels like the sagittal sinus.
4. The pathologic consequence of intradural hemorrhage from
birth on dural microanatomy and its potential impact on CSF
reabsorption
When visible SDH is present, it is reasonable to assume that the
intradural space is substantially and widely ﬁlled with blood sufﬁ-
cient to envelope large portions of the capillary bed with extrava-
sated (free) blood. The imaging, anatomic changes and gross
pathologic consequences are demonstrated in Fig. 6.
4.1. the spectrum of pathologic complications of PSDH and SDH
The end result of PSDH is a broad range of ﬁndings from gross to
none. The vast majority of PSDH leave no imaging trace of theFig. 7. Showing hygroma/chronic subdural hematoma evolving into a large rebleed that
threatening event (ALTE); a seizure secondary to increased ICP. Note extra space around b
(darker) cerebral spinal ﬂuid (CSF at white arrows). On admission no acute SDH is pre
intervening medical problems on admit. Slightly splayed sutures are noted in several loca
seizure. From author’s personal ﬁles. (B) Same female who after a procedure with crying
after the new SDH, a follow-up CT shows that large SDH has evolved into a large retracPSDH. However, at autopsy, gross inspection and microscopy can
show a spectrum of ﬁndings from the retracted clot to neomem-
brane to dural border cell layer proliferation to hemosiderin stain-
ing to no ﬁndings at all. The range of ﬁndings is discussed in detail
and demonstrated below.
4.1.1. Visible retracted clot
Grossly, larger acute subdurals can form relatively static visible
retracted clots that can be seen on CT (see Fig. 7C). These clots are
laden with ﬁbroblasts and ﬁbrin in a matrix inﬁltrated with newly
formed capillaries adherent to the dura’s inner most layer, the
DBCL, which supplies it with blood.
After the initial perinatal bleed, or any subdural bleed, compet-
ing forces to organize the clot on one hand, are set against throm-
bolytic bioactivity working to liquefy and reabsorb the clot. The net
effect is fragility, instability and potential vulnerability to reblee-
ding within the clot or any lesser reparative variant of the rem-
nants of PSDH [13–15] (see Fig. 7A and B). The rebleeds that do
occur can result from minor trauma, normal handling, spontane-
ously, and at times after crying, vomiting or straining.
Larger clots retract over months. Below is a sequence in the
same patient over 3 months, from 4 months of age to 7 months
of age (see Fig. 7A–C).
4.1.2. Radiographically visible neomembranes
Some acute bleeds resolve into radiographically evident neo-
membranes that seem to have a similar susceptibility to rebleed
and a similar pathologic structure although smaller in scope (seeresolved into retracted clot. (A) Female, 4 months old, on admit after apparent life
rain at single arrows and no SDH: bilateral subdural hygromas ﬁlled with hypodense
sent but abuse was diagnosed. There was no history of abuse or trauma or other
tions (double arrows) supporting increased ICP to account for enlarged head size and
that caused a large bleed and a new SDH formed (at black arrow). (C) Three months
ted clot (black arrow). From author’s personal ﬁles.
Fig. 8. Neomembrane in chronic subdural hematoma. In a different child, single
arrow points to bleeding in a neomembrane from a rebleed of a CSDH into a
hygroma (double arrows) that resulted from a previous acute SDH that resolved to a
neomembrane and CSDH. With the new acute bleed (triple arrows) intradural
hemorrhage occurred and blood overﬂowed the intradural space superiorly and
posteriorly to form a SDH that is now converting from acute to subacute, based on
some decrease in density of blood (hyper to isodense). Over days liquefaction of the
clot allowed for free blood to migrate inferiorly due to gravity to the tentorium (4
arrows). From author’s personal ﬁles.
Fig. 9. (A and B) Neomembranes not visible on imaging but found at autopsy. (A)
Four month old 2.5 h after the fall on CT: acute blood posteriorly in the falx (single
arrow), hygroma with mixed density ﬂuid seen at double arrows. The child had
been doing well and was asymptomatic prior to the fall. Sagittal sinus thrombosis
evolved after the fall, during transport by helicopter that resulted in a cerebrove-
nous thrombosis (CVT) and death. Some swelling of the L frontal lobe (triple arrows)
noted under a pathologically conﬁrmed impact site. The swelling has decreased the
size of the hygroma on the L making it appear smaller. Note the similar CSF density
bilaterally. From author’s personal ﬁles. (B) At autopsy in the same patient, single
arrow points to ﬁlmy neomembrane. Acute bleeding (double arrows) from the fall
bled into the pre-existing hygroma with radiographically invisible neomembrane
most likely from PSDH at birth. The brain was markedly edematous after the post
traumatic thrombus formed in the posterior sagittal sinus that resulted in brain
death (thrombus was conﬁrmed at autopsy). From author’s personal ﬁles.
S.C. Gabaeff / Legal Medicine 15 (2013) 177–192 183Figs. 2A, 6A and 8). Neomembranes result from a pathologic prolif-
eration of the DBCL.
4.1.3. Radiographically invisible neomembranes seen at autopsy
Neomembranes that have not rebleed are generally not visible
radiographically. Below is a 4 month old child who was injured
due to an accidental fall of 4000 to a tile ﬂoor. The ﬁrst CT done with-
in about 2.5 h showed asymptomatic hygroma and some acute
blood in the posterior falx with prominent fractures remote from
the anterior impact site. The child remained stable until a 40 min
vibrating helicopter transport that resulted in a pathologically con-
ﬁrmed posterior sagittal sinus thrombosis. That, in turn, lead to
massive cerebral edema and brain death (see Fig. 9A and B). At au-
topsy, a prominent neomembrane was found that was not visible
on imaging.
4.1.4. Microscopic reparative processes at the DBCL
When no imaging ﬁndings of PSDH to CSDH are evident, micro-
scopic evidence at autopsy can still be found. Under the micro-
scope, radiographically resolved PSDH is evident in the area
where cleavage of the DBCL from the arachnoid creates a separa-
tion, vulnerable to rebleeding from the disturbed layer. The cleaved
area does not return to its normal conﬁguration even when not vis-
ible on imaging. Proliferation of ﬁbroblasts and capillaries in the
damaged DBCL occurs in the framework of attempted resolution
(see Fig. 10A–C).
4.1.5. Residual hemosiderin at autopsy
In the context of apparent complete resolution and no anatomic
abnormality of the dura evident on imaging, hemosiderin staining
from decomposed red blood cells can be seen at times on the inside
of the dura at autopsy (see Fig. 11).5. Imaging, microscopic and gross ﬁndings found in PSDH and
CSDH
The vast majority of the 46% of neonates born with PSDH leave
no identiﬁable ﬁndings, gross or microscopic, and they remainasymptomatic. It appears that for most there is an apparent resto-
ration of normal physiologic function after about 1 year of age.
However, in the period during which the situation is resolving
(the ﬁrst year of life) is seems very likely that abnormalities of
absorption (dysabsorption) persist that result in increased ICP,
head enlargement, hygroma of varying sizes and a biologically
fragile focus at the dural–arachnoid interface. During this time
the hygroma space, and possibly the excess movement of the brain
it allows, creates a susceptibility to rebleed from the original SDH
now turned chronic. The susceptibility to rebleed was evident in
Rooks’ example case with a rebleed at 26 days and the 6 studies
cited.
Identiﬁable hygroma, in general, takes days to weeks to devel-
op. Chronic subdural hematoma, if it is going to develop, takes
about 3 weeks to be identiﬁed radiographically and manifests pri-
marily with the formation of hygroma. Intermediate states of evo-
lution are often dated by the nature of the ﬂuid in the subdural
space and/or subarachnoid space. CT, often the only imaging avail-
able in the ED environment, will show a spectrum of subarachnoid
and subdural ﬂuid densities. Hyperdense (white) represents acute,
Fig. 10. A graphic representation of dural anatomy and the intradural collection of blood. (Panel A) Normal, before hemorrhage. Border cell layer (double arrows) is composed
of loosely adherent cells, capillaries, no extracellular collagen, and enlarged extracellular spaces. (Panel B) Intradural hemorrhage (single arrow) is seen as a precursor of
subdural hematoma (SDH). SDH is the collection of blood overﬂowing the intradural space as it grows in size. The blood leaking from the dural capillaries will overﬂow
through the porous border layer (double arrows in 11A and 11B), to a newly created subdural space that forms between the border cells and the arachnoid barrier. The SDH
forms due to the dissecting capability of the leaking blood from the intradural plexus to cleave the border cells of the dura from the arachnoid barrier. (C) Actual section from
the dura with IDH that resulted in a proliferation of the DBCL at bottom (single arrow). Fibroblasts, ﬁbrin and capillary proliferation is evident. At the top is the periosteal
border of the dura (double arrows). Autopsy slide used permission from W. Squier. Reprinted with kind permission from Springer Science and Business Media from Mack J,
Squier W, Eastman JT. Anatomy and development of the meninges: implications for subdural collections and CSF circulation Anatomy and development of the meninges:
implications for subdural collections and CSF circulation. Pediatr Radiol. 2009 Mar;39(3):200–10, Fig. 1.
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old and manifests as intermediate density (hyper-isodense, iso-
dense, or hypo-isodense). Isodense is the same density as brain tis-
sue. CSDH forms after 21 days and is considered hypodense (very
dark or black), and close to the density of pure CSF. SDH may cause
particulate matter to enter the SA space and mix with CSF creating
a ﬂuid characterized as ‘‘mixed density’’; often a granular appear-
ance with evidence of particulate matter suspended in the ﬂuid
(see Fig. 8 at double arrows). Whether the particulate matter
comes from subdural inﬂammatory ﬂuids, decomposed red cells,
or ﬁbrin clot from either the dura or the brain surface, or inﬂam-
matory ﬂuids from the brain itself into the subarachnoid space is
yet to be determined. All four may contribute. Intraoperative neu-
rosurgical visualization of the ﬂuid, when SDH is drained, seems to
encompass a broad spectrum of appearances including straw col-
ored ﬂuid (xanthochromia), brown ‘‘crank case’’ ﬂuid, sludge, red-
der ﬂuid, dark purple black and clotted blood. When one looks
microscopically at the material that is drained there are things thatthe naked eye cannot appreciate such as thin fragments or strings
of ﬁbroblasts, capillaries, proliferated arachnoidal cap cells from
the arachnoid villae, siderophages (macrophages that have taken
up free red blood cells that last for up to 8 weeks) [20] and a range
of red blood cells of different colors [21].6. The development of the AG and the resolution of CSF
absorption abnormalities
When the AG begin to form at 7 to 8 months of age, the dynam-
ics of CSF reabsorption change. What might be characterized as CSF
dysabsorption (any absorption abnormality) after PSDH, appears to
begin to resolve with formation of AGs and most resolve by 1 year
of age. Once formed, the AGs assume a prominent and permanent
role of moving CSF from the subarachnoid space to the blood and
ICP decreases and then any further head enlargement then appar-
ently becomes linked to brain growth and the hygroma decreases
Fig. 11. Hemosiderin staining on the inner dura from prior dural bleed. Five month
old Down’s syndrome baby who died after cardiac surgery with old SDH (staining
on left-yellow discoloration-double arrows) from prior surgery weeks before and
new SDH (single arrow) that occurred in the context of the resuscitation after
cardiac arrest from pneumonia at single white arrow. As the skull is lifted at
autopsy the dura remains attached to the skull since attachments on the dural-
periosteal interface are strong. At the double arrow is inner layer of the dura, the
DBCL stained with hemosiderin deposits. From author’s own ﬁles.
Fig. 13. The dural capillary bed, arachnoid granulations and bridging vein exposed.
The dural capillary bed (the triangle arrow heads) is reﬂected off the arachnoid
granulations (at⁄⁄). The vessels are ﬁlled with solid blue dye. A stretchable and
resilient bridging vein, conventionally implicated as a source of blood in shaken
baby syndrome when supposedly torn with shaking, is shown at arrow. It is now
clear that torn bridging veins as the source of blood in an alleged abuse case with
SDH, does not comport with imaging ﬁndings, the physical and tensile properties of
bridging veins [22] nor the quantity of blood found in virtually all ﬁrst time bleeds
when hygroma is not present [23]. Reprinted with kind permission from Springer
Science and Business Media from Mack J, Squier W, Eastman JT. Anatomy and
development of the meninges: implications for subdural collections and CSF
circulation. Pediatr Radiol. 2009 Mar;39(3):200–10. Fig. 5.
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growth. The AGs bypass the DBCL, its channels and the dural cap-
illary plexus, setting up absorption directly from the brain, through
the subarachnoid space, to the sagittal sinus or the adjacent con-
nected collection areas, the lateral lacuna of the sagittal sinus
(see Figs. 12 and 13).7. The current position of the American Academy of Pediatrics
regarding PSDH and its manifestations in the outpatient
environment and in the children’s hospital
The position of the American Academy of Pediatrics (AAP) and
the several hundred newly board certiﬁed child abuse pediatri-
cians (BCCAP) who strongly inﬂuence its’ policies, is that allFig. 12. Graphical representation of the dura and it associated structures. The relationsh
granulations, the lateral lacunae, and the sagittal sinus are illustrated. Reprinted with kin
neuropathology of infant subdural haemorrhage. Forensic Sci Int. 2009 May 30;187(1–32,000,000 cases of PSDH resolve without complications by 5–
8 weeks of age [2]. Rooks is most commonly cited to support this
belief. The criterion used to deﬁne resolution in Rooks study was
that SDH was no longer visually present on MRI. Based on this cri-
terion, it is often repeated, with a professed near 100% certainty,
that PSDH does not lead to hygroma, hydrocephalus, CSDH, any
neurologic complications, or any ﬁndings beyond 3 months of
age related to PSDH. Yet, Rooks did note persistent hygroma in
the example neonate in Fig. 2 at 5 months on MRI. It is also stated
by the AAP and BCCAP, that there are no residual ﬁndings thatip of the dural capillary bed, the dural channels, the bridging veins, the arachnoid
d permission from Springer Science and Business Media from Squier W, Mack J. The
):6–13. Fig. 1.
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ma. Ironically, a careful reading of the Rooks paper would seem to
indicate quite the opposite.
As a corollary to dismissing PSDH as a cause of any post natal
hydrocephalus, hygroma, CSDH or any acute rebleed during the
ﬁrst year of life, it is often alleged, ‘‘to a reasonable medical cer-
tainty’’ that any acute and/or chronic SDH seen after 5–8 weeks
is caused by discrete post natal abuse events, unrelated to any
birth trauma. Many abuse allegations rely on this exclusion of
PSDH as an etiology of either the primary or secondary SDH or
any of the ﬁndings that may be used to diagnose abuse clearly
established an approximate, but clearly substantial, rate of the
occurrence of PSDH. Does her study support the contention that
long term complications related to the conversion of PSDH to
CSDH are 0%? Should the disappearance of SDH on imaging be
the only criteria to deﬁne complications of PSDH? Does hygroma
qualify as a complication as demonstrated by the ‘‘example
neonate’’?
Since it is the position of the child abuse establishment (AAP
and BCCAP) that all 2,000,000 babies with PSDH have no compli-
cations or sequelae from PSDH after 5–8 weeks, PSDH is dis-
missed as a potential cause of post-natal ﬁndings that can
mimic child abuse (hygroma, CSDH and rebleeds). Is that a valid
assumption? If not, can ﬁndings related to CSDH that evolves
from PSDH, become a basis for misdiagnosing abuse? Does the
propensity to rebleed after minor trauma with CSDH support
minor trauma or even normal handling as an etiology of intracra-
nial bleeding in infants?8. How are ﬁndings related to CSDH integrated with other
ﬁndings and the diagnosis of abuse
The remnants of unresolved acute SDH, now manifesting as
hygroma or as an asymptomatic form of CSDH, are part of a repar-
ative process that occurs at the DBCL. Bleeding here has been the-
orized to be either slow and ongoing, or episodic. Clinically, we
know that crying, vomiting, or even normal handling have caused
observable, often symptomatic episodic rebleeds. Slow and ongo-
ing leakage may lead to anemia, frequently observed in infants
with CSDH [24]. Any degree of bleeding can cause transient symp-
toms (irritability, decreased appetite, vomiting and others dis-
cussed below), which can lead to outpatient medical encounters.
There, these symptoms are often dismissed by the family pediatri-
cian as inconsequential.
Other causes of acute bleeding unrelated to a PSDH or any prior
bleed can lead to an apparent life threatening event (ALTE) that will
present to an emergency department. Thesemay includemore seri-
ous head trauma, either accidental or intentional, metabolic catas-
trophe (hypoxic ischemic encephalopathy-HIE) after apnea or
cardiac arrest, infectious diseases, particularly meningitis and
encephalitis, andavariety of raredisorders, all documentedbySirot-
nak and Frasier in their opus about abusive head trauma (AHT) pub-
lished in 2006 [25]. Most, if not all of the disease entities discussed
there can result in acute bleeding. If hygroma of any etiology is pres-
ent, the result is interpreted as ‘‘acute on chronic’’ SDH, and AHT is
highly likely to be diagnosed. Blood can be present from more than
two bleeds as well, resulting in layering of blood in the tentorium. Is
that a sign of recurrent, occult, anomalous and unwitnessed acts of
heinous child abuse concealed from the past? Or is that blood testa-
ment to a prior clinicallyundetected rebleedafter birth, basedon the
fragility of CSDH to rebleed at the damaged DBCL?
Board certiﬁed child abuse pediatricians often speculate that
layered blood is the result of multiple prior abuse events without
evidence of prior or current abusive behaviors. They suggest the
abuse events are suppressed by abusing and conspiring parentswho avoid seeking medical care after the initial acts of abuse. They
also assume that such events are clinically occult to all caregivers
and acquaintances of the baby. Going further, they presume that
the prior abuse is unrecognized by PMDs (private medical doctor)
at frequent contemporaneous well baby checks or even symptom
based encounters related to the rebleed or ongoing medical prob-
lems. Inherent in this set of assumptions is the incongruity that
these parents, after an alleged intentional act of abuse, are now
seeking, not avoiding, medical care, and risking arrest by doing
so. Lastly, these allegedly abusive parents often present with what
appears to be very conventional concerns and emotions, which
most child abuse pediatricians, relying on what they consider
‘‘diagnostic’’ ﬁndings, dismiss as a ruse to conceal prior alleged se-
vere abuse. What is more likely and plausible is an alternative
explanation for the caregiver/parents caring and concerned behav-
ior; one that may make more sense. These caregiver/parents, sens-
ing something is wrong, seek medical care for their beloved infant
as quickly as possible and often with frantic haste.9. A ‘‘ﬁndings driven’’ approach to diagnosing abuse
Overcoming the implausibilities described is achieved by an
inappropriate ‘‘ﬁndings driven’’ approach to diagnosing abuse. A
ﬁndings driven approach relies on the ﬁndings which may or
may not be reliable indicators of abuse to diagnose abuse and
obviates the need to offer any context in which occult abuse
might occur. This has been advocated by the AAP: diagnose abuse
and avoid the who, when, where and how. Instead the AAP sug-
gests the diagnosis rely on ﬁndings (like SDH and RH or any other
indicators) that have been regarded as probative of abuse but
which, in fact, are nonspeciﬁc for abuse. The guidance is to avoid
establishing a coherent detailed narrative and work backwards
from nonspeciﬁc ﬁndings to fashion an abuse narrative from
whatever data is available. There has also been guidance to avoid
the term syndrome (as in SBS) with speciﬁc medical criteria, and
substitute the term ‘‘constellation of ﬁndings’’ with no speciﬁc
deﬁnition of particular medical ﬁndings required. Abuse becomes
a ‘default’ diagnosis relying on nonspeciﬁc diagnostic terms like
AHT or nonaccidental trauma (NAT). These terms do not link to
any speciﬁc ﬁnding but imply intent to abuse and a mechanism
(injury) without actual witnessed evidence of abuse. Direct wit-
ness evidence or irrefutable evidence of abuse is no longer
needed to make the diagnosis. This approach, relying on nondiag-
nostic ﬁndings to diagnose abuse, gaining traction nationally, is
scientiﬁcally and legally improper and allows for more latitude
for child abuse pediatricians to diagnose abuse with less reliable
evidence.
Confounding the ﬁndings based approach when abuse is ‘‘diag-
nosed’’, consideration of work-ups for other causes are often trun-
cated or abandoned. Meaningful differential diagnosis often ceases.
The three major etiological categories of events relevant to infants
in this situation: birth trauma, accidental injury and medical prob-
lems are dismissed in favor of an abuse narrative based on the
‘‘ﬁndings’’. Allegations are then often ironically advanced under
the rubric that there is no other plausible explanation for the blood
(SDH and RH) or any other ﬁndings. This position resonates with a
long applied conventional approach among child abuse pediatri-
cians and their colleagues that ‘‘SDH and RH are abuse until proven
otherwise’’ [26].
Is this type of thinking scientiﬁcally acceptable or is more anal-
ysis required? Does it contradict the legal standard of innocent un-
til proven guilty? Does it create a situation where guilt is assumed
until proven innocent? Can other additional research shed light on
the issue of complications of PSDH by looking at larger populations
of neonates?
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rate for PSDH
It seems clear that the number of neonates who may develop
CSDH and its complications from PSDH, if any, would be a tiny frac-
tion of all births (<1%). In spite of the tiny percentage of complica-
tions, the absolute number of neonates who go on to develop CSDH
and complications of medical import, out of 2,000,000 newborns,
may be relevant to the likewise relatively small number of child
abuse prosecutions per year in the US, estimated at 2000 [27].
How many neonates will develop hygroma, hydrocephalus or
CSDH and experience its complications? Until now, no attempt
has been made to determine the absolute number of babies born
per year with PSDH in the US who will develop complications.
Starting with radiology, CSDH in the infant is diagnosed with
advanced imaging with the primary imaging ﬁndings being the
presence of hygroma, often with some degree of head enlargement,
mixed density ﬂuid, which may or may not be present, occasionally
neomembranes that can be seen, and at times retracted clots are
present as discussed above.
When hygroma, accelerated head growth sufﬁcient to cause
craniocerebral disproportion (CCD), or mixed density ﬂuid is ob-
served in the context of no apparent symptomatology, hygroma
has been arbitrarily designated in a variety of ways as ‘‘benign’’;
suggesting neither a past problem or a potential future problem
(see Table 1). These various benign appellations seem based on a
lack of understanding of etiology, unawareness of the vulnerabili-
ties of hygroma to rebleed, and often in the context of no identiﬁ-
able acute symptoms or pathology, thus the common
characterization of hygroma as benign might appear sensible on
ﬁrst impression. On the other hand, it seems clear from Vinchon,
Vezina and Piatt and sources cited by Rooks that hygroma as a mild
form of CSDH, is not benign. When the benign hygroma bleeds
from any of the causes discussed above, then ‘‘acute on chronic
SDH’’ is diagnosed and the diagnosis of abuse soon follows. The be-
nign hygroma after rebleed is now a CSDH with a superimposed
acute bleed, a very common presentation in AHT cases.11. Can a link between hygroma, hydrocephalus, increased ICP
and CSDH be established?
Hygroma and head enlargement without mass lesions are cou-
pled; one cannot be present without the other. Head enlargement
with hydrocephalus (hygroma) in the extreme results in macro-
cephaly which occurs as the bones spread apart under pressure.
The hygroma is the space created as the skull bones expand. Once
hygroma forms, even to a slight degree, CSF is still being reab-
sorbed, but now in the context of increased ICP.
The CSF may be absorbed in the dural capillary bed under high-
er hydrostatic pressure related to increased ICP or more likely pres-
sure sensors, abundant throughout the dural structures, shunt CSF
to other reabsorption channels. How and where exactly it is ab-
sorbed is still to be determined [19,28]. However, it is reasonable
to recognize that the pressure that maintains the equilibrium be-
tween CSF production and reabsorption, in a subset of children
without other space occupying lesions or etiologies to account
for it, remains sufﬁcient to cause some degree of head enlargement
dependent on the degree of increased ICP.
In summary, when head enlargement and hygroma are present
without other space occupying lesions, increased ICP to some de-
gree is present. Increased ICP causes head enlargement and results
in cerebrocranial disproportion that can be seen on imaging as
hygroma. Is head enlargement and especially hydrocephalus, on
that basis, a reliable indicator of some form of CSDH?12. Zahl’s study: hydrocephalus as a proxy for intracranial
pathology and CSDH
Head circumference is accessible clinical information that is col-
lected at well baby checks. The most comprehensive study of head
enlargement and hydrocephalus, done in Norway by Zahl, was
published in 2008 in Pediatrics [29]. Zahl himself, in undertaking
the study, asked the question could hydrocephalus and speciﬁcally
macrocephaly, deﬁned conventionally as crossing two growth
curves which in Norway was approximately 2 standard deviations
from the baseline head circumference, be used as an indicator of
intracranial pathology? Zahl’s study also shed light on the chief
complaints in babies who presented with both hydrocephalus
and macrocephaly and evidence of hemorrhage in the ﬁrst year
of life. The study, done over 4 years (1999–2003), involved every
child born in Norway; approximately 240,000 newborns. In Nor-
way, well baby checks are mandated by law and head circumfer-
ence must be checked at each visit. Thusly, the study was able to
identify every newborn that developed macrocephaly (extreme
head enlargement) either on routine head measurement or on
admission for symptoms after which macrocephaly, which had
not been present before, was identiﬁed. If the diagnostic criteria
for macrocephaly (extreme hydrocephalus) was met either as an
outpatient or at the time of admission for any other symptoms,
each baby was then referred to a neurologist for further work up.
Those with macrocephaly were divided into 5 groups based on
ﬁnal diagnosis: macrocephaly without any other pathology evident
(58%), those with macrocephaly and evidence of spontaneous hem-
orrhage (12%), and those with tumors (19%), cysts (10%), and other
pathology (4%).
It should be noted that Zahl used the term hydrocephalus as
equivalent to macrocephaly in spite of the fact that various degrees
of hydrocephalus can exist before macrocephaly can be diagnosed.
He deﬁned hydrocephalus as crossing two growth curves on Nor-
wegian growth charts. In the US that condition deﬁnes macroceph-
aly. In Norway head circumference charts conform toWorld Health
Organization standards of using fewer curves representing 3%, 10%,
50%, 90% and 95%. These differences between the curves roughly
deﬁne a standard deviation. Sufﬁce it to say that in Zahl’s study
crossing two growth curves, while not equivalent to US growth
curves from the Centers for Disease Control (CDC), which contain
more curves (3%, 10%, 25%, 50%, 75%, 90% and 97%), represents sub-
stantial head enlargement (greater than 2 standard deviations of
change) and more or less conforms to the US deﬁnition of macro-
cephaly. I will refer to accelerated head enlargement greater than
2 standard deviations as macrocephaly per the US deﬁnition.
Zahl’s study, for the ﬁrst time, allowed for estimates of the rate
of the macrocephaly/hygroma formation among an entire coun-
try’s population without speciﬁc evidence of abuse. If macroceph-
aly and hygroma without other etiology and no other explanation
are treated as a proxy of CSDH, the minimum rate of PSDH compli-
cations that lead to pure macrocephaly and macrocephaly with
hemorrhage can be estimated. Babies with head enlargement
who did not meet the criteria for macrocephaly (hydrocephalus
without macrocephaly) were not included in the study although
they should not be regarded as disease free. It seems based on
Rooks there could be substantial hygroma, short of macrocephaly,
in many babies with exposure to rebleeds, which were not subject
to further work-up in Zahl, but may be vulnerable to similar chief
complaints identiﬁed by Zahl or an ALTE. Could that population
constitute a substantial number of neonates? That group has yet
to be deﬁned but could be large if lesser degrees of head enlarge-
ment, perhaps equivalent to one standard deviation of accelerated
growth, were studied looking for a link between PSDH and hygro-
ma. However, with Zahl, the extreme variant, macrocephaly, often
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ciently to approximate the number of babies in the US who will be-
come macrocephalic either of unknown etiology or secondary to
hemorrhage. This group is undoubtedly a fraction of all children
with substantial hygroma, but Zahl’s objective data allows for esti-
mates and inferences that have clinical impact on the analysis of
suspected child abuse cases.
Zahl and his colleagues identiﬁed 298 cases of macrocephaly in
babies admitted for a variety of reasons over 4 years in 240,000 live
births.
Of the 298 infants with macrocephaly, 58% (N = 173) had what
will be referred to as pure macrocephaly: enlarged head (>2 stan-
dard deviations of accelerated head growth) and hygroma with no
other apparent brain pathology. The most common reason for
admission in this group in Norway was measured macrocephaly
on routine exam (72%). Of the remaining 28% the next 8 most com-
mon presenting complaints that precipitated the identiﬁcation of
macrocephaly, but only after the presenting symptoms had mani-
fested, were all common clinical ﬁndings in presentations often
diagnosed as abuse. In order they were nausea/vomiting (20%), irri-
tability (18%), abnormal head shape (14%), incidental radiographic
detection (11%), lethargy (11%), delayed development (11%), bulg-
ing fontanelle (7%) and seizures (7%). These are common present-
ing complaints in the US when AHT is eventually diagnosed. Of
the 173, 84% (n = 146) were identiﬁed in the ﬁrst year of life and
74% were boys. The 146 identiﬁed in the ﬁrst year represented
.06% of all births in Norway. Applied to the US with 4,000,000
births per year, approximately 2400 babies will develop pure mac-
rocephaly in the ﬁrst year of life. Absent a prompt reaction to a
hydrocephalic head circumference measurement, an uncommon
event in the US, the vast majority of macrocephalic babies in the
US will not be identiﬁed as macrocephalic until an ALTE occurs.
When that occurs, they will most likely present with one or more
of the 8 symptoms detailed by Zahl.
There were 12% (N = 36) of the total number of macrocephalic
babies that had intracranial hemorrhage diagnosed after present-
ing with a variety of symptoms. The most common symptoms that
resulted in admission in the hemorrhage group were irritability
(31%), nausea/vomiting (31%), incidental imaging ﬁndings (23%),
lethargy (17%), and weakness (11%). The next 4 presenting com-
plaints (each 6% of the total) were increased head circumference,
fever, loss of consciousness and trauma. None were identiﬁed as
intentionally abused. It was only after the bleed and the onset of
symptoms that led to admission that macrocephaly was identiﬁed.
From this, one could assume that prior to the bleed, at the last well
baby check, the babies were not macrocephalic or they would have
been referred for evaluation for a macrocephalic measurement
alone. This applies to both groups; macrocephaly with and without
intracranial hemorrhage. Those who presented with symptoms in
Zahl would not have been macrocephalic at the last well baby
check. With those with macrocephaly and hemorrhage, one could
assume that like Rooks’ babies, that new bleeding increased head
circumference after the bleed such that the criteria for macroceph-
aly were met, but only after the bleed had occurred. Of the 36 with
hemorrhage, 89% (N = 32) were identiﬁed in the ﬁrst year of life.
This group of 32 babies with hemorrhage in the ﬁrst year of life
represents .01% of all births in Norway. This number, applied to
the US population, yields 400 babies per year that will present with
spontaneous hemorrhage and be macrocephalic thereafter. When
head circumference in the hemorrhage group in Zahl was mea-
sured on admit, only 27% were greater than the 97.5 percentile.
The other 73% had crossed 2 standard deviations but the absolute
head size was less that the 97th percentile. Does this hemorrhage
group, distinct from the tumor, cysts and other pathology groups
represent a rate of head enlarged babies that will bleed for no
apparent reason other than complications of CSDH?The pure macrocephaly and the macrocephaly with hemorrhage
groups together constituted 70% (N = 208) of the hydrocephalic ba-
bies. Thus in the ﬁrst year, approximately 2800 babies would have
had macrocephaly/hygroma alone or macrocephaly/hygroma with
evidence of hemorrhage. That number comports with the 2000
AHT prosecutions in the US each year [27] and the 4000 cases sup-
posed AHT diagnosed [30] by BCCAP. Radiographically, all of these
2800 babies would fulﬁll the common criteria used by many radi-
ologists to diagnose CSDH or ‘acute on chronic’ SDH. Furthermore,
in both groups, other than 1% of the macrocephaly group that had
identiﬁed trauma (not noted as intentional), there was no other
plausible explanation for the ﬁndings except birth trauma. Based
on Rooks, PSDH most likely affected many, if not all, of them.
With the highlighted example neonate from Rooks’ (above)
showing the entire sequence: SDH, hygroma, CSDH and rebleed
at 26 days, and CSDH/hygroma from birth trauma at 5 months,
Squier and Mack’s pathology, and Zahl’s statistics linking macro-
cephaly and various neurologic symptoms, it appears that birth re-
lated SDH is a cause of post natal hydrocephalus, hygroma and
hemorrhage in a tiny, but predictable, percentage of all cases and
that accelerated head enlargement, hygroma, CSDH and rebleeds
are complications of PSDH.13. Additional factors related to the misdiagnosis of abuse with
hygroma and increased ICP
13.1. Failure to react to head enlargement in a timely manner
Unfortunately in the US, head circumference is not tracked with
rigor. If increasing head circumference is noted it rarely raises
actionable concern on its own. Many children crossing two US
growth curves, who do not get to percentile rankings above 97%,
are simply not reacted to by the family pediatrician. Instead they
are often disregarded, observed, or followed and not referred for
neurologic work-up, or for that matter any further evaluation.
The consequence is that many children, who could be diagnosed
with hygroma and CSDH before an ALTE based on hygroma forma-
tion after PSDH, are not evaluated until after an ALTE has occurred.
When that occurs, if acute blood is involved in any way, the typical
‘‘acute on chronic’’ reading is soon followed by the diagnosis of
AHT. Furthermore, after an ALTE, if hydrocephalus or accelerated
head growth rate is noted retrospectively dating back months or
back to birth, it is rarely integrated into child abuse evaluations
even though at times there is a trajectory of head enlargement dat-
ing to birth, or an earlier event that could account for a discrete
accidental IC bleed as a primary event, and the etiology of CSDH.13.2. Retinal Hemorrhage and its link to head enlargement and
hygroma
When an ALTE does occur, increased ICP driving head enlarge-
ment since birth will have been present for some time. The rela-
tionship between increased ICP and RH, while virtually ignored
by the AAP and BCCAP, has been valid for more than 100 years
based on studies by Terson [31], Medele [32], Walsh [33], Muller
[34], Aoki [35], and more recently by Reddy [36] (and others).
The use of RH as a diagnostic criteria for abuse has been challenged
sufﬁciently now to render it scientiﬁcally invalid and unreliable
[37]. When an ALTE occurs, the baseline increased ICP from prior
dural damage is likely to increase further. Prior increased ICP and
the acute increase in ICP after the ALTE, virtually guarantees sub-
stantial retinal hemorrhage. If ICP is sufﬁcient, it can result in
widespread RH in all layers and covering the entire retina, and if
very high, schisis cavities and vitreous hemorrhage can develop
as the pressure further damages the retina by denying it oxygen.
Fig. 14. Retinal hemorrhage in documented cases of non-abuse. (A) Retinas in 2 day old who died in the hospital. (Example RH’s at arrows but many more seen). (B) Four
month old found unresponsive in crib, no allegations of abuse. (C) 4 year old with a witnessed collapse at daycare that had a diffuse SAH, Terson’s syndrome; increased ICP
causing RH. No shaking; pure increased intracranial pressure causing RH. Images provided by Pat Lantz MD with permission.
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and vitreous traction as a cause of RH should now be regarded as
implausible [37,39].
See Fig. 14A–C showing 3 cases from Dr. Pat Lantz, forensic oph-
thalmologic pathologist at Wake Forest University, all demonstrat-
ing RH in a non abuse context and underscoring the nonspeciﬁcity
of RH for abuse.
13.3. Accidents and medical problems that occur in head enlarged
babies concurrent with ‘‘benign’’ hygroma
Beyond spontaneous rebleeds of PSDH, the occurrence of acci-
dents and medical problems in head enlarged hygroma babies
must be factored in as well. Medical problems and accidents are
quite frequent among all babies. There are a large number of head
enlarged and hydrocephalic babies that appear to be legitimately
asymptomatic, but remain at similar or higher risk for accidents
as the general population. The vulnerable population is more likely
to have rebleeding at lower levels of force. With increased risk of
rebleed from any accident and more space (hygroma) for blood
to leak out into, this group is more likely to be symptomatic after
an accident and seek medical care. They may also be at slightly
higher risk for medical problems, particularly infectious disease,
as fever was noted as a presenting complaint in Zahl’s study in
4% of all pure macrocephalic babies and 6% of the macrocephalic/
hemorrhage babies.
Thus, with accidents, it is important to seriously consider that
the hygroma babies are prone to bleed acutely at lower levels of
force. Many minor accidents or normal handling, can, at times, lead
to hemorrhage.
Among babies who have medical problems that can cause IC
bleeding (hypoxic events and CNS infections as common exam-
ples), hemorrhage, independent of PSDH, will lead to similar imag-
ing ﬁndings of acute on chronic SDH. Most, if not all of these babies
will be diagnosed with AHT. This is based on imaging ﬁndings
being misinterpreted as abuse without consideration of PSDH com-plications, inadequate infectious disease work-ups (bacterial or
viral), and early empiric antimicrobials invalidating cultures and
viral testing that can obfuscate the presence of infectious disease.
With the estimates of the number of complicated cases of PSDH
and the number of alleged AHT prosecutions in the US in roughly
the same range, and no obvious alternative etiologies identiﬁed,
seeing PSDH as a potential etiology of ﬁndings suggestive of AHT
seems both plausible and likely. Considering that many apparently
credible caregivers describe accidents or medical symptoms lead-
ing up to an ALTE, shouldn’t more consideration be given to these
alternative explanations before the ﬁndings may be misdiagnosed
as AHT?
13.4. The presence of symptoms during the period in which hygroma
and increased ICP are present before hydrocephalus criteria are met
It should be noted that Zahl’s statistics are linked to conﬁrmed
macrocephaly, but the hygroma rebleed studies cited above show
that hygroma, short of macrocephaly, is also prone to rebleed. It
is therefore mandatory to consider that a percentage of hygroma/
head enlarged infants, who are not macrocephalic, can become
symptomatic and spontaneously rebleed in the period of head
enlargement that exists before the criteria for macrocephaly are
met.
In Zahl’s study, the majority of babies were identiﬁed with mac-
rocephaly and referred for further work up relying solely on an
abnormal head measurement. In the US that is not true. In both
Norway and the US, head expansion can be symptomatic without
macrocephaly. These symptoms commonly lead to unscheduled
outpatient encounters by concerned, not neglectful, parents. The
increased ICP, causing measurable increased head enlargement be-
fore frank macrocephaly is present, can cause nausea, vomiting and
decreased appetite, feeding problems, lethargy, fussiness, respira-
tory problems, dysphagia, dysphagic choking, regurgitation, reﬂux
and subtle changes in behavior or consciousness. When these or
other symptoms are reported to US MD’s, and they often are, they
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(e.g. GERD) or viral disease. Neurologic etiologies almost never are
considered even in the context of accelerated head enlargement.
Zahl notes the peak incidence of the identiﬁcation of macro-
cephaly was 6–8 months. Yet peak incidence of the diagnosis of
AHT is 2–6 months [40]. Many allegedly abused children have
some increase in head size at presentation and some degree of
hygroma when AHT is diagnosed. The discrepancy can be ac-
counted for by the probability of an ALTE occurring while the head
is enlarging, before the criteria for macrocephaly is met. High vul-
nerability can last up to about 8–10 months of age with hygroma.
During this time the babies are prone to problems and are vulner-
able to rebleeds. On admission, after an ALTE, only a small number
meet the criteria for macrocephaly. As Zahl’s demonstrated with
his macrocephalic/hemorrhage group, the timing of a rebleed does
not require macrocephaly to be present before the bleed occurs.
Again, the bleed itself in Zahl’s study was often the event that in-
creased head circumference above the threshold for macrocephaly.
While Zahl’s macrocephaly statistics can be used to demon-
strate a complication rate from PSDH, it by no means deﬁnes the
overall complication rate of PSDH. Complications from PSDH can
occur with any degree of head enlargement and hygroma, and acci-
dents and medical problems in this period can result in asymptom-
atic hygroma being woven into an abuse narrative. With any
degree of hygroma, if, after an ALTE of any etiology, there is any
acute blood, ‘acute on chronic’ and AHT will be diagnosed regard-
less of the degree of head enlargement. It should be noted that in
almost all cases there are concerned caregivers seeking medical
care not for hygroma/head enlargement but for an ALTE. Hygroma
and head enlargement are unexpected ﬁndings but soon unfortu-
nately become integral to abuse allegations.14. The ALTE in the emergency department, imaging of the head
and the diagnosis of abuse
When an ALTE presents in the ED, neuroimaging is done almost
immediately. At that point hydrocephalus, hygroma, old blood and
often acute blood for any number of reasons are frequently pres-
ent. Under these circumstances, it is virtually certain that ‘‘con-
cerns for’’, ‘‘suggestion of’’, or ‘‘suspicions of’’ AHT will eventually
enter the medical record and child protective services and the po-
lice will be activated. In most ED’s, consideration of accidents and
medical problems is given its proper weight in the differential, of-
ten based on clinical experience with these presentations, associ-
ated ﬁndings, social factors that support the caregiver’s narrative,
talking with caregivers, or PMD consults. Accidents or medical
problems in these more objective environments, by more objective
providers, are often the primary diagnoses being considered.
Regardless, if any blood is present, a transfer to a children’s hospi-
tal is inevitable and there the situation can be quite different. At
the child abuse evaluation center, with blood in the head, abusive
head trauma can be in the record (often even before the patient ar-
rives) and then advanced aggressively.
Obvious medical problems, especially pneumonia and CNS
infectious diseases, often diagnosed at the ‘‘OSH’’ (outside hospital)
can be cast aside even while antibiotics have been given before ar-
rival at the children’s hospital and often before cultures or LP, and
are continued after transfer. High doses of antibiotics and antivirals
and the minimum length of treatment are sufﬁcient to impact the
course of the disease. Pneumonia can be characterized as atelecta-
sis. Bacterial or viral CNS infections are rarely adequately tested for
or not tested at all, yet are quite common with an estimated 30,000
hospitalizations each year in the US for viral CNS infections alone
[41]. A severe hypoxic event, often part of an ALTE, can be enceph-
alopathic in minutes and lead to bleeding and SDH as well [8]. Ifthere is concern about increased ICP, LP is rarely done for fear of
herniation or a perception of a critical state. If, and when, RH is
found, relying on past dogma [42], the trajectory of the case clearly
moves further toward an abuse narrative. With SDH and RH, the
conventional criteria for AHT/SBS have been met; criteria that
many pediatricians still rely on as diagnostic of AHT. At this point
other disease entities producing similar ﬁndings are dismissed as
‘‘unlikely’’ or ‘‘rare’’ and do not get meaningful consideration.
Ironically, many child abuse pediatricians admit that ‘‘rarely’’
medical problems and accidents can have ALTE presentation that
cause the ﬁndings they rely on to diagnose abuse. Yet, in the clin-
ical environment, these histories and objective ﬁndings, which of-
ten comport with these known disease entities, are dismissed out
of hand as ‘‘highly unlikely’’, all based on the ‘‘rarity argument’’.
The rarity argument states that because something is rare (i.e.
one in a million falls can be serious) that when the rare case pre-
sents, it is justiﬁed to dismiss it because it is rare. The ﬂaw with
this thinking is the refusal to acknowledge that low probability is
irrelevant after a low probability event has occurred. The allegedly
abused baby being evaluating already has the ‘‘rare’’ or improbable
medical problem (i.e. encephalitis) or the ‘‘rare’’ accident (the one
in a million serious fall) and that is the reason they are in the ED.
Looking at accidents ﬁrst, if one in a million falls are serious [43]
and there are 10 million falls a day, 10 infants will be seriously in-
jured each day and a slightly larger number (about 6 times as
many) will seek medical care for other frightening falls [44]. About
1 out of these 6 serious falls will suffer signiﬁcant head injury.
These are the only babies who will seek medical attention after a
fall. The others stay home. If these 10 falls are routinely dismissed
as insufﬁcient to cause serious injury based on the infrequency of
serious injury from falls (the ‘‘rarity’’ argument), a logical fallacy
has occurred. When one realizes that only the serious accidents,
those that would include bleeding or fracture, will seek medical
attention, the likelihood of the misdiagnosis of abuse in those rare
serious falls, could be as high as 100%.
Looking at an example medical problem, the ﬂawed thinking is
similar. If there are 70,000 cases of viral meningitis per year caus-
ing ALTE [41], IC hemorrhage, increased ICP and RH, and none are
adequately worked up with the 10+ viral probes needed to rule out
most common viral CNS infections, they will likely all be misdiag-
nosed as abuse as well.
Knowing that there are going to be a predictable number of
nonabuse cases occurring each year with similar symptoms and
ﬁndings to abuse: head enlargement, hygroma, hemorrhage and
neurologic symptoms, it is easy to see that a predictable number
of infants will have a medical problem, suffer an accident, or are
suffering from complications of birth trauma (PSDH). If these valid
etiologies of the ﬁndings, generally used to diagnose abuse, are dis-
missed based on prejudgment, all of these nonabused babies are at
relatively high risk for being misdiagnosed as abused. Factoring in
an exculpatory social history for the alleged abusers; often caregiv-
ers with spotless records of loving care, highly regarded by associ-
ates, and distinctly unlikely to be abusers, the likelihood of birth
trauma, a medical problem, or accident being the etiology of the
presentation, increases signiﬁcantly and the probability of the mis-
diagnosis of abuse increases yet again.15. Conclusion
When the number of babies with PSDH is established and the
number of infants with hydrocephalus can be estimated with rela-
tive accuracy, a population of infants with complications of PSDH
that evolve into CSDH, prone to spontaneous rebleeds or neuro-
logic consequences in a nonabuse framework, may be estimated
as well. While the probability of complications of PSDH is tiny
1 Groupthink summary as described by Janis (see Janis 1972 [46]) occurs when
groups are highly cohesive and when they are under considerable pressure to make
quality decisions. Negative outcomes of groupthink include examining few alterna-
tives, not being critical of each other’s ideas, not examining early alternatives, not
seeking expert opinion, being highly selective in gathering information, not having
contingency plans. Some symptoms of groupthink: having an illusion of invulnera-
bility, rationalizing poor decisions, believing in the group’s morality, sharing
stereotypes which guide the decision, exercising direct pressure on others, not
expressing your true feelings, maintaining an illusion of unanimity, using mindguards
to protect the group from negative information. Some solutions include: using a
policy-forming group which reports to the larger group, having leaders remain
impartial, using different policy groups for different tasks, dividing into groups and
then discussing differences, discussing within sub-groups and then reporting back,
using outside experts, using a devil’s advocate to question all the group’s ideas,
holding a ‘‘second-chance meeting’’ to offer one last opportunity to choose another
course of action.
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absolute number with identiﬁable complications of birth trauma
relative to the number of abuse related diagnosis and prosecutions
of AHT, is substantial, and suggests a relationship.
Published radiographic and pathologic images create a visual
representation of blood leaking from damaged dural capillaries
secondary to birth related damage, invading the intradural space,
enveloping capillaries and other structures needed for normal
CSF absorption. Dysabsorption results, causing increased ICP, cra-
nium enlargement and the resultant hygroma space. When blood
overﬂows the intradural space, subdural blood dissects and dis-
rupts the attachment of the inner dura and the arachnoid leading
to subdural bleeding and clot formation as subdural hematoma, a
ﬁnding often inappropriately relied on to be diagnostic of abuse.
The situation most often resolves clinically, but the clot, micro-
scopic or large, and various degrees of head enlargements and
hygroma, can persist. In the asymptomatic baby, these hygromas
are characterized as benign, but the pathologic conﬁguration has
potential to rebleed with subsequent minor force or be confused
with a prior act of abuse when rebleeding occurs for other reasons.
The imaging appearance and pathology of resolving PSDH fulﬁll
many of the diagnostic criteria that deﬁne CSDH. It is here that
birth related trauma links to CSDH and its persistent vulnerabilities
and physical manifestations for a small percentage, but a signiﬁ-
cant number of infants, and the continuity of PSDH to CSDH is
established.
When post PSDH hygroma and CSDH are stable and asymp-
tomatic, head enlargement may occur but almost all babies will
not have the condition identiﬁed unless an accident or medical
problem, including spontaneous hemorrhage, sufﬁcient to cause
ALTE, occurs. While many bleeds remain occult, transient symp-
toms can occur with smaller rebleeds that are often regarded as
inconsequential. However, the awareness that hygroma and
CSDH are known to rebleed spontaneously or with minor forces,
should impact the analysis of ﬁndings to avoid misdiagnosing
abuse.
When PSDH has converted to CSDH, with its susceptibility to re-
bleed, a caregiver’s history of a minor accidental mechanism often
appears biomechanically incongruent with the acute ﬁndings.
With CSDH, rebleeds would be expected with low force insults. If
there is no history of a prior traumatic event other than birth,
the hygroma component may be incorrectly considered the result
of a prior act of post-natal intentional abuse.
When there is no trauma, but caregivers report a prodrome of
illness that can result in hemorrhage, the illness is often dis-
missed. If blood, either SDH or SAH, is present AHT is highly
likely to be diagnosed. The hygroma from PSDH then too can ‘‘be-
come’’ an alleged prior abusive act that ‘‘caused’’ the CSDH. At
this point at least two distinct acts of abuse are alleged and
the momentum of the abuse narrative increases inappropriately
since neither ﬁnding is related to abuse. In most cases, infectious
disease work-ups are incomplete and incapable of ruling infec-
tion either in or out. Empiric antimicrobials, the haphazard use
of bacterial cultures, incomplete or absent viral testing, leave
an infectious disease information void that is inappropriately
ﬁlled with ﬁndings-driven, default abuse allegations. With post
PSDH head enlargement, increased ICP is present and many
ALTE’s can increase ICP further, increasing the likelihood of ﬁnd-
ing RH during the evaluation since increased ICP is the basis of
RH formation.
Failure to consider the role of PSDH and CSDH in accidents or
medical problems as a cause of prior bleeding, increased ICP,
hygroma, acute bleeding and RH, can result in a misdiagnose of
abuse by amalgamating nonspeciﬁc ﬁndings that are individually
and collectively scientiﬁcally unreliable indicators of abuse; the
so called ‘‘constellation’’ of ﬁndings. Reliance on nonspeciﬁc ﬁnd-ings, in undeﬁned and variable combinations, is not likely to lead
to an accurate diagnosis, especially when the accused caregivers
are in very low risk categories to abuse [45]. If, and when, the rela-
tionship of PSDH to CSDH is disregarded, and abuse becomes a de-
fault misdiagnosis, legal action begins.
Thereafter, elements of a psychological phenomenon called
Groupthink [46], a process that suppresses thoughtful analysis
and a broader meaningful differential diagnosis and suppresses
contradictory opinions, become active within the children’s hospi-
tal.1 The abuse narrative becomes the dominant narrative. Dissent-
ers are attacked as ‘pro-child abuse’, outliers or ‘denialists’
[47].This can occur in and out of the institution setting. The end re-
sults, false accusations against an innocent family, are made; an act
that may do more damage to innocent families than actual abuse in
already abusive environments.
Looking forward, birth trauma, accidents and medical problems
deserve a higher ranking within an objective differential diagnosis.
Integrating an exculpatory social history, one of the most reliable
indicators of non-abuse [45], further favors a non-abuse explana-
tion over highly improbable clandestine abuse by previously loving
parents. The actual probability of occult abuse by previously loving
caregivers with no history of violent behaviors toward children,
should be recalculated in view of a basic statistical analysis in that
population which demonstrates that the probability of an anoma-
lous act of abuse (‘‘snapping’’) in a population of nonabusive, car-
ing and loving parents, to be virtually 0%.
False allegations of abuse are abuse. Misdiagnosis, leading to
false allegations and legal proceeding, devastates families and the
very infant patients’ lives that we all work diligently to protect.
Families and children are thrown into chaos. It is essential that
child abuse pediatricians fully understand the consequences of
past and future misdiagnosis of medical problems and accidents
as abuse. Continued resistance to evidence-based research, both
old and new, that undermines the existing constructs of child
abuse medicine, endangers families. More objective analyses of
the intricacies of CNS pathophysiology continue to emerge and
paint a clearer picture of the issues surrounding both child abuse
and the misdiagnosis of child abuse. If an expanded understanding
of these issues by child abuse pediatricians is not possible, then
other participants in the legal process (our other medical col-
leagues, Judges, DA’s, police, social workers and defense attorneys)
must take the time to study and analyze these issues themselves
and apply common sense and their newly acquired knowledge to
insure justice is served. Each of us must realize that a body of
exculpatory evidence based complexity, concealed under a cloak
of dogma and zealotry, must be uncovered and incorporated into
a willing embrace of the ever emerging, more sophisticated knowl-
edge of the intricacies of the human neurophysiology and
neuropathophysiology.
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